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Service  Command, A r m y  A i r  Forces 

OF STABILTZZX IVCIDEWCE AND EI,ETJA'I'OR RIB SPACIlXl 

ON THE F-63A-l-BE SEIIIES AIRPLANE 

Bg Harold I .  Johnson an6 Ro-oert G .  Mungall 

F l i g h t  t e s t s  were made t o  determine t h e  cause and 
c o r r e c t i o n  f o r  t h e  unusual s t i c k - f r e e  i n s t a b i l i t y  o_l' t he  
o r i g i n a l  p o d n c t i o n  r-63 a i r p l a n e  i n  high- speed s t r a l g n t  
f l i g h t .  When the e l e v a t o r  s t i c k  f o r c e  was trimned t o  z e r o  
a t  some l e v e l - f l i g h t  s?eed, a pull f o r c e  vias r equ i r ed  t o  
maintaLn s teady  f l i g h t  a t  h i she r  speeds a Longitudinal  
s t a b i l i t y  t e s t s  were msde in  s t r a i g h t  and tu rn ing  f l i g h t  
with two combinations of s t a b i l i z e r  s e t t i n g  and e l e v a t a r  
r i b  zpacing. I n  a d d i t i o n  t o  u s u a l  measurexents of longi -  
t u d i n a l  s t a b i l i t y ,  motion p i c t u r e s  were taken ?f the  cjle- 
v a t o r  i n  order  t o  determine the Zabric  d i a t o r t l o n  charac- 
t e r i s t i c s .  

Resu l t s  showed that the l o n g i t u d i n a l  s t i c k - f r e e  
I i n s t a b i l i t y  of o r i g i n a l  production P-63 a i r p l a n e s  a t  h igh  

speeds i n  s t r a i g h t  f l i g h t  was caused by the  excessive 
e l e v a t o r  r i b  spacinz and by t h e  h ign  s t a b i l i z e r  im4dence .  
'dhen the  e l e v a t o r  r i b  spacing was changed from 8A t o  
4- inches  and t h e  s t a b i l i z e r  incidence was i-ecluced 

from 2 . 7 O  t o  1.1' from t h e  t h r u s t  a x i s ,  the  followir,g 
r e s u l t s  were obtained: 

1 2 

4 

( a )  S t i c k - f r e e  s t a b i l i t y  w a s  Fmproved t o  a s a t i s f a c -  
t o r y  degree.  

( b )  Maximum f a b r i c  d e f l e c t i o n  w a s  reduced t.o one- 
f o u r t h  the  o r i g l n a l  amount. 
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( c )  I n  t u r n s  up t o  ~g normal a c c e l e r a t i o n ,  no 
nieasurable chsnge f n  s t i c k - f o r c e  cha rac t e r -  
L s t i c s  was a9parent a 

Data obtalned by t h e  B e l l  A i r c r a f t  Corporat ion showed. 
t h a t  the use o r  fabr ic -covered  elevators having narmw 
i i i b  spacLng OF o f  metal-covered e l e v a t o r s  with a stti-. 
b i l i e e r  s e t t i n g  2.7" up from t h e  t lx-ust  a x i s  reduced t h e  
s t i c k - f r e e  i n s t a b i l i t y  but  d i d  n0.t e l imina te  i t .  

A t  t he  r s q u e s t  of the  A i r  Technical  Serv ice  Command, 
Amy Air FQi'ces, an extensl,ve f l i g h t  i n v e s t i g a t i o n  was 
conducted t c  ini?wove the  l o n ~ f  t u d f n a l  s t a b i l i t y  charac.- 
t e r i s t i c s  o f  i;he P-63 ser!.es a i r p l a n e  

The oril.ina!, praductioi? F-6511-1 a i r p l a n e s  porn-" , ,dessed 
und.esfi?able s t i c k - f o r c e  v a r i a t i o n s  w i t h  s-?eed i.n s t r a igh . t  
f l i g h t ,  
zero  a t  some l e v e l - f l i g h t  spaed and the  a i r p l a n e  was then 
dived t o  a h igher  sTeed, a p u l l  f o r c e  was r equ i r ed  t o  
maintai-n steacly f l i g h t .  To deteimine the  cause of  the  
uridesirable v a r i a t i o n  i n  s t i c k  f o r c e  x i . t h  indicated.  air- 
speed, f l i g h t  t e s t s  were made and a r e  descr ibe6  h e r e i n .  
These t e s t s  cons i s t ed  o f  measuring t h e  longitudinz.1 s ta-  
b i l i t y  and c o n t r o l  c h a r s c t e r i s t i c s  o f  t he  a i r p l a n e  w i t 2 1  
two  h o r i z o n t a l - t a i l  con f igu ra t ions  d i f f e r i n g  i n  s ta 'oi l izeF 
incid.ence and e l eva to r  r i b  spacing.  

When the  elevate:? s t i c k  f o r c e s  were t r i c . m L  t o  

A three-view drawing of an o r i g i n a l  product ion 
~ - 6 3 ~ - 1  a i r p l a n e  i s  shown i n  f i g u r e  1. 
s i o n a l  c h a r a c t e r i s t i c s  D f  t h e  h i r p l a n e  a r e  l i s t e d  i n  the  
appendix of r e fe rence  1. 
r a t i o  i s  given i n  f i g u r e  2. 

s t r s igh t  and tu rn ing  f l i g h t  l onb i  tu r l ins l  s t a S i  li t y  and 
con t ro l  c h h r a c t e r i s t i c s  with tvro d i f f e r e n t  a l r -? lane  con- 
f i g u r a t i o n s .  One c o n f l ~ u r a t i o n  cons i s t ed  of the or i ; ; ina l  
production s t a b i l i z e r  s e t  2.7'3 up from t h e  t h r u s t  axis i n  
combination w i t h  t h e  or-i;rinal product ion e l e v a t o r  t h a t  had 

The main dimen- 

The e l e v a t o r - t o - s t i c k  gear ing  

The f l i g h t  pr3gran cons is ted  i n  de';ei?mining s teady  

. 
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a rib spacing o f  8, 1 inches.  The o t h e r  conf lg iwat ion  con- 
2 

s i s t e d  of t he  o r i g i n a l  horizolita! s t a b i l i - z o r  s e t  1.1’ up 
from t he  t h r u s t  a x i s  i n  conibinTtion w i t h  e leva tor i s  of the  
s a m e  contour as  the  u r ig i i i a l  p roduct lcn  e l cva to i i s ,  b u t  

which had the  rib spacin5 r educed  t o  4, 1 inches .  I n  the  
4 

straight f l i g h t  t e s t s ,  tke  e l e v a t o r  s t i c k  f o r c e  was 
trimlied t o  zero a t  an ind ica t ed  a i r speed  of‘ about 300 
mi l e s  pe r  h o u r ,  an2 t h e  s t i c k  f o r c e s  and el-evator angles  
r e q u i r e d  t o  maintain s tsaiig s t r a i p h t  f l i g h t  throughout 
the  speed i’ange were meamrcd ,  These t e s t s  were made wi th  
r’ated poweii and with engine idlfiig., I n  turning t e s t s ,  t h e  
e l e v a t o r  s t i c k  f o r c e  was tritnmed t o  zero i n  s t r a i g h t  f l i g h t  
a t  va r ious  chosen iiic-ticnted a i r speeds ,  using normal r a t e d  
power, and then  the  s t l c k  f ‘ i r ~ c e s  and e l e v a t o r  angles  
r e q u i r e d  t o  maintain steady noi-mal a c c e l e r a t i o n s  between 1 
and 5g i n  turns a t  the chosen speeds mere rrleasur.ed. Motion 
p i c t i u a e s  were taken  of  t’?e upper and lower s u r f a c e s  of t he  
e l e v a t o r s  by moans 01’ carneras mounted i n  the  r e a r  of the 
f u s e l a g e ,  

TIeasurements xei-e nade f i r s t  wi. t h  an o r i g i n a l  produc- 
t i o n  P-63A-1. a ipplanc  (A-414’ Noe 42-68861) which had a s t s -  
b i l i  s e r  incidence of 2 , 7 O  a n d  vvas equipped with e l e v a t o r s  
having an average rib spacine, of Sl inches bstween r i b  

c e n t e r  l i n e s .  The dtmens‘sons of the  e l e v a t o r s  are given 
i n  t a b l e  I under column A .  No measurements of t h e  e l e v a t o r  
f a b r i c  d i s t o r t i o n  were obtafned i n  these  i n i t i a l  t e s t s .  
L a t e r ,  another  P-6311-1 a i r p l a n e  ( A A F  No, 42-68889) having 
the  same s t a b i l i z e r  inc idence  and type o f  e l e v a t o r s ,  except 
for a minor change i n  p l an  f o r m  a t  t h e  iqboard end (corn- 
pa re  i n  fits. 1 and 3 ) ,  was t e s t e d  b r i e f l y  t o  o b t a i n  p i c -  
t u r e s  of  t he  e l e v a t o r  f ab ia i c  d i s t o r t i o n  c h a r a c t e r i s t i c s .  
The dimensions of  the h o r i z o n t a l  t a i l  o f  t h e  second air- 
p l m e  t e s t e d  a r e  given i n  column B of t a b l e  I.  The e l e -  
v a t o r s  of the  second a i r p l a n e  t e s t e d  had an average f a b r i c  
t e n s i o n  o f  3 Founds pe r  i nch  as neasured by an NAGA 
ins t rument  f o r  determining f abi4c tens ion .  A s  would be 
expected,  the  two ail-planes had nearly i d e n t i c a l  e l e v a t o r  
s t i  c k - f o r c e char a s  t e r i s t 5- c s . 
r epea ted  with a i r p l a n e  number 42-69889 a f t e r  t h e  s t a b i l i z e r  
inc idence  had been reduced f r o m  2,70  up fiaorn the  t h r u s t  
a x i s  t o  1.lo up from t he  thrust a x i s  and t h e  e l e v a t o r  r i b  
spac ing  had been c u t  i n  ha l f  ( f i g .  4 ) .  The f a b r i c  t ens ion  
was n o t  measured on the  l a t t e r  e l e v a t o r  because the  only 
ins t rument  a v a i l a b l e  f o r  measiming f a b r i c  t ens ion  was too 
large t o  be used on panels  formed by r i b s  spacod 4 1  incnes 

2 

P i  rial 1 y , me a s u r  erne n t s were 

a p a r t .  4 
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The i n t e r i o r s  of t he  e l e v a t o r s  t e s t e d  were vented by I 

openings i n  t h e  s i d e s  of t h e  hinge cu t -outs  and by d r a i n  
h o l e s  on t h e  lower s u r f a c e s  near  t h e  t r a i l i n g  edge. The 
openings a t  t he  cen te r  hinge pocket were 1--inch ? .?meter  
l i gh ten ing  ho le s  i n  t h e  r i b s  ad jacen t  t o  the hinge 2nd t h e  
opening a t  t h e  o u t e r  hinge was a half-moon shaved h o l e  of 
about one- four th  t h e  a r e a ,  l oca t ed  a t  t h e  l ead ing  edge of 
the outermost r i b .  The d r a i n  h o l e s  were i n c h  i n  d i a n e t e r  

w i t h  c en te r  l i n e s  l o c a t e d  2 inches  from t h e  t r a i l i n g  edge 

1 
2 

8 
inches  outboard D f  each r i b .  

I NSTRUM EIJTAT I ON 

Airspeed, e l e v a t o r  i n t e r n a l  p r e s s u r e ,  e l e v a t o r  a n g l s ,  
s t i c k  f o r c e ,  and normal a c c e l e r a t i o n  were a l l  measured 
w i t h  s t a n d u d  NACA recording: ins t ruments .  The upper and 
lower s u r f a c e s  of  t he  r i g h t  e l e v a t o r  were photographed 
with e l e c t r i c a l l y  d r iven  16-rnillirneter gun cameras. 

The a i r speed  P i t o t - s t a t i c  head w a s  mounte6 on a booril, 
one chord l e n g t h  ahead o f  the r i g h t  wing;, near  t h e  iiiing 
t i p .  Serv ice  i n d i c a t e d  a i r s p e e d  i s  used throughout this 
r e p o r t .  This a i r speed  i s  t h e  r ead ing  o f  a s tandard  Army-  
Navy a i r speed  meter  connected t o  a P i t o t - s t a t i c  head f r e e  
from p o s i t i o n  e r r o r ,  and may be de f ined  as: 

where 

co r rec t ed  s e r v i c e  i n d i c a t e d  a i r sTeed ,  n i l e s  per  
hour vi s 

s tandard  sea-  l e  ve 1 compr e s s i b  ili t y  co r re  c t i  O l i  
f a c t o r  

f0 

qC measured d i f f e r e n c e  between t o t a l  head and s t a t i c  
p re s su re  c o r r e c t e d  f o r  P i t o t - s t a t i c  p o s i t i o n  
e r r o r ,  inches  o f  water  
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The e l e v a t o r  ang le s  ';;ere measured by an i n s t r u n e n t  
connected d i r e c t l y  t o  the  inboard  end of the r i g h t  e l e -  
v a t o r .  

The 16-mil l imeter  gun cameras were mounted i n s i d e  
t h e  v e r t i c a l  fin and i n  the botton of t he  f u s e l a g e  some- 
what t o  t h e  lazar  of t h e  e l eva to r  hinge axis. D e t a i l  views 
of t h e  canera i n s t a l l a t i o n s  a r e  shown i n  f i g u r e s  5 and 6 .  
The l o c a t i o n s  o f  t h e  canera ?Qrts r e l a t i v e  t o  t h e  r5ght  
e l e v a t o r  are shown i n  f i g u r e  7 .  Due t o  space l i m i t a t i o n s ,  
a per i sc9pe  aTra-ngsiEent c o n s i s t i n g  of an  Tnclined m i r r o r  
was used w i t h  t h e  c m e r a  rrounted v e r t i c a l l y  i n  t h e  f i n .  
The cameras were l o c a t e d  c lose  enough t o  t h e  e l e v a t o r  so 
tha t  the e r r o r  i n  the  recorded f a b r i c  d e f l e c t i o n s  due t o  
a n g u l a r i t y  o f  t h o  caneria axis was about 1 percent  f o r  the 
upper  su r face  snd about 5 percent  f o r  t h e  lower s u r f a c e .  
D i f f i c u l t y  vias encountered i n  obtciining c l e a r  photogrE.2hs 
due t o  v i b r a t i o n  of t h e  a i r g l a n e  I) Some s u f f i c i e n t l y  good 
p i c t u r e s  were obta ined ,  however, t o  p e r n i t  making measurc- 
ments of t h e  f a b r l c  d e f l e c t i o n  d i r e c t l y  from enlargements 
of t h e  phatograDhs. I n  order that  t h e  d e f l e c t i o n s  a t  the 
c e n t e r  of t he  unsupDorted f a b r i c  panels  could be measurc;d 
e a s i l y ,  s t r i p s  of  white tape  were placed chordtfise eyui- 
d i s t a n t  from the  r f b s ,  and spanwise along t h e  1eadi.ng and 
t r a i l i n g  edges of t h e  f a b r i c  pane l  bo2mCarfes. 
s e n t a t i v e  gun camera p5ctures  obta ined  i n  f l i g h t  m e  shown 
i n  f i g u r e  8 .  

Repre- 

Eleva tor  i n t e r n a l  p re s sc re  was measured w i t h  an XACA 
a i r s p e e d  r eco rde r .  
vented through an open tube t o  the c e n t e r  of t2!9 ?:Levator 
f a b r i c  pane l  a t  midspan of t h e  r i g h t  e l e v a t o r .  T?;e o t h e r  
s i d e  of the pressure  c e l l  was vented t o  t h e  airs:2eed 
s t a t i c  p re s su re  head. 
ments were co r rec t ed  f o r  the  p o s i t i o n  e r r o r  of t h e  p i t o t -  
s ta t  i c head. 

One s ide  of t h e  p r e s s u r s  c e l l  was 

Elevator  i n t e r n a l  p re s su re  measure- 

p i  

6 e  

13.U. 

N.D. 

n 

Symbols used throughout t h i s  r e p o r t  a r e :  

d i f f e rence  between s t a t i c  presslrre i n s i d e  e l e -  
va to r  and f r e e - s t r e a q  s t a t i c  p re s su re  

e l e v a t o r  ang le ,  degrees from s t a b i l i z e r  

nose up 

nose down 

normal a c c e l e r a t i o n  Ln g r a v i t y  u n i t s  
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RZSULTS AND D I S C U S S I O N  

Figure 9 shows a comparison of t h e  s t a t i c  l o n g i t u d i n a l  
s t a b i l i t y  o f  t h e  P-63A-1 a i r p l a n e  with normal 1-ated power 
f o r  cornparab::.e center-of  -grav i  t y  l o c a t i o n s  w i t h  t h e  two 
differlent stabilizer inc-idence and e l e v a t o r  r i b  spacing 
comblnations t e s t e d .  I;'igure 13 i s  a s i x i l a r  ? l o t  for t h e  
eng ine - id l ing  condi t ion .  F igu res  9 and 10 show t h a t  two 
important e f f e c t s  resc , l ted from decreas ing  t h e  s t a b i l i z e r  
incidence and reducing  t h e  elevate:. r i b  spacing.  F i r s t ,  
w i t h  the  s t a b - i l i z e r  s e t  2 . 7 O  u p  from t h e  t h r u s t  ax i s ,  t h e  
e l e v a t o r  angle  f o p  t1.h i i i  high-speed s t r a i g h t  f l i g h t  was 
over 3' up from t h e  s t a b i l i z e r ;  wh.eress, w i t h  t h e  s t a -  
b i l i z e r  s e t  1.1" up f rom t h e  t n r u s t  axis ,  t h e  elevLtor  
angle  f o r  h igh-speed  t r i ' n  was about 0.5" down f r o n  thE; 

s t a b i l i z e r ,  Second, i nc rehs ing  -;)ull s t i c k  f o r c e s  w i t h  
i n c r e a s i n g  speed Rere necessar  t o  ma-j.nt-ain t r i m  a t  hig,h 

conbinat ion:  whercas, w i  ti? the  low inc idence  4--inch ri.9- 

spaced cornbination, push stlclc f o r c e s  were requi reC t o  
main ta ln  trin-, throughout t he  high-sp,a 3d range t a s t a c .  
T e s t s  niade a t  t h e  B e l l  A i r c r a f t  Corpoi-ation showed t h t  
Inc reas ing  t h e  nunber o f  e l e v a t o r  r i b s  6ecre;lsed the  
magnituc?e of t h e  p u l l  s t i c k  Torces which occurred  w i t h  
t h e  s t a b i l i z e r  s e t  2 , T 0  c? f r o n  the  th rws t  ax i s -  The 
i n s t a l l a t i o n  of a metal-covered e l e v a t o r  f u r t h e r  reduced 
t h e  magnitude of t h e  p u l l  s t i c k  f o r c e s  :i?hich occu:>red 
w i t h  the  o r i g i n a l  incldence of 2.7" up fro:n t.he t h r u s t  
axis b u t  d i d  no t  c a s e  t h e  f o r c e  v a r i a t i o n  wi th  s-?eed t o  
fo1.lcw a s t a b l e  t r e n d .  Therefore ,  t e s t  clata i n d i c a t e  t h e  
depar ture  f r o m  a s t a b l e  v a r i a t i o n  o f  t h e  s t i c k  f o r c e  versus  
speed curve rvas a s s o c i a t e d  with t h e  excess ive ly  h i g h  s ta -  
b i l i z e r  s e t t i n g .  I t  i s  b e l i e v e 6  that  this  f i g h  s t a b i l i z e r  
s e t t i n g  a f f e c t e d  t h e  manner of d i s t o r t l o n  of t h e  e l e v a t o r  
covering and poss ib ly  r e s u l t e d  i n  t w i s t i n g  the  s t z b i . l i z e r  
a t  high speeds.  

Fur ther  information on t h e  c o n t r i b u t i o n  of f a b r i c  
d i s t o r t i o n  t o  t h e  undes i r ab le  s t i c k - f  o r c e  v a r i a t i o n  w5th 
speed i s  provided by t h e  6 a t a  shown i n  f i g u r a  11 tvh-ich 
shows t h e  v a r i a t i o n  of e l z v a t o r  s e c t i o n  shspt: viith speed 
f o r  the GZ-inch r ib-spaced  elevatol ls  with the  s t a b i l i z e r  
incidence 2.7' up f rom t h e  t l r u s t  xxis, s s  detenliined from 
gun canera photographs. 
i s t i c s  shown by f i g u r e  11 may be expla ined  a3 follolt ls:  

2 1 
speed with t h e  hi&h incidence F &inch  r ib-spaced  elevt i tor  

1 

The f a b r i c  d i s t o r t i o n  cha rac t e r -  
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1. The f a b r i c  on both  upper and lower s u r f a c z s  
bowed inward (cv'sped) under t h e  in f luence  of t h e  
nega t ive  i n t e r n a l  pressure .  Since t h e  e l e v a t o r  
i n t e r n a l  pressure  remained a t  abGut 14 percent  o f  
the  f ree-s t ream tmpact pressure  b e 1 . o ~  free-stream 
s t a t i c  p re s su re ,  t h e  amount of f a b r i c  d c f h c t i o n  
tended t o  vary approximately l i n e a r l y  wi th  i n d i c a t e d  
a i r s p e e d .  Such a v a r i a t i o n  i s  t o  be expected becarse  
a l though the  p re s su re  on the  f a b r i c  i n c r e a s e s  a s  t h e  
square of the speed,  the r e s i s t a n c e  of  t h e  f a b r i c  
panel  t o  d e f l e c t i o n  inc reases  r a p i d l y  a t  l a r g e  f a b r i c  
d e f l e c t i o n s  ( r e fe ren ;e  2 ) .  That the v a r i a t i o n  of 
f a b r i c  d e f l e c t i o n  ( cusg ing)  w i t h  i n d i c a t e d  a i r s p e e d  
was approximately l i n e a r  i s  borne o u t  by t h e  d a t a  
shown i n  f i g u r e  1 5 ,  wherein the  niaximum f a b r i c  
d e f l e c t i o n s  o f  t h e  upper and lower s u r f a c e s  a r e  
p l o t t e d  a g a i n s t  i n d i c a t e d  a i r s p e e d .  . 

2. The e l e v a t o r  mean caniber l i n e  was bowed 
downward s l i g h t l y  due t o  the  a i r  l o a d  on the  e l e v a t o r .  
Since up e l e v a t o r  was r e q u i r e d  t o  t r i m  t h e  a i r p l a n e  
a t  h i g h  speed on account o f  t h e  h lgh  s t a b i l l ,  1 yer 
inc idence ,  t he  a i r  l o a d  on t h e  e l e v a t o r  w a s  probably 
downward and t h e  mean c m b e r  l i n e  was t h e r e f o r e  

. depressed.  

Progressive cusping of t he  e l e v a t o r  n i g h t  cause t h e  
e l e v a t o r  hinge-moment c o e f f i c i e n t s  Cha and Ch6 t o  
become more negat ive wi th  inc reas ing  speed i n  such a 
manner a s  t o  s h i f t  t he  s t i c k - f r e e  n e u t r a l  po in t  forward. 
If the  s t i c k - f r e e  n e u t r a l  point  moved p a s t  t h e  center -of -  
g r a v i t y  p o s i t i o n ,  an uns tab le  v a r i a t i o n  o f  s t i c k  f o r c e  
w i t h  speed would be expected. BowLng of  t h e  e l e v a t o r  
mean camber l i n e  i n  a downward d i r e c t i o n  might cause u 
change i n  hinge moment i n  the  d i r e c t i o n  such tha t  p u l l  
s t i c k  f o r c e s  a r e  r equ i r ed  as t h e  speed i n c r e a s e s .  

The q u a l i t y  of the photographs d i d  not  permit 
measurements of s u f f i c i e n t  eyac tness  t o  allow determina- 
t i o n  of how much e i t h e r  of  the  two aforersentioned e f f e c t s  
c o n t r i b u t e d  t o  t h e  measured s t i c k - f o r c e  i n s t a b i l i t y .  

F igure  12 shows the  d i s t o r t i o n  c h a r a c t e r i s t i c s  
1 through t h e  speed range of the  b--inch r ib-spaced  e l e -  

v a t o r s  w i t h  t h e  low s t a b i l i z e r  incidence o f  1.l0 up f r o m  
t h e  t h r u s t  axis.  The i n t e r n a l  p re s su re  f o r  t h i s  e l e v a t o r  
w a s  about 11 percent  of the f ree-s t ream impact pressure  

4 



below free-s t ream s t a t i c  p re s su re  a t  h igh  speeds.  k k L ~ q f  - 
n a t i o n  o f  t2.e maximum fab2i.c d e f l e c t i o n  which occurred 
wi th  these e l e v a t o r s  a t  h igh  speees  ( f i g .  1 5 )  shaws t h a t  
a t  t h e  h ighes t  spee2 for which comparable da t a  a r e  
a v a i l a b l e  ( V i ,  = 360 m p h )  t he  d e f l e c t i o n  was only zl9out 
one-fourth a s  g r e a t  as i t  w a s  f o r  t h e  o r i g i c a l  G--inch 
r ib-spaced e l e v a t o r s  e This l a r g e  redGction i n  f a b r i c  
d i s t o r t i o n  i s  50 be expected because theory i n d i c a t e s  
t h a t  f o r  cons tan t  Dressure d i f f e r e n t i a l  t he  maximwn f a b r i c  
d5r ' lect ion i n  a panel should vai'y anproximately as -,he 
square o f  t he  unsupportep gap e s t a n c e .  Warping of  the  
mean camioer l i n e  o f  t he  &{-inch r ib-spaced  e l e v a t o r s  a t  

h igh  speed was s c a r c e l y  discerni .ble  s o  %ha t  the e l e v t t o r  
mean caxber '_ins3 a r e  o l n i t t e d  i n  figiiPe 12. The absccce 
o f  curvature  o f  t h e  mean c m b e r  l i n e  w o ~ l ~  be expeciee 
because t h e  e l e v a t o r  ,ir loaC a t  h igh  speed should be 
s m 5 l i  Ivhen the  e l e v a t o r  i s  ap9roxiinately a l i n e d  i i t h  the  
s t a b i l i z e r  for s t r a i g h t  f l i g h t  t r ine  

It i s  of  l n t e r e s t  t o  note  t h a t  %he accuracy wlt5 
which f a b r i c  contours can Se dup l i ca t ed  t'rom 16 -ml l l i xe t e r  
f i l m  j s  probably i n d i c a t e d  by the  s c a t t e r  of t he  da t a  
shoxn i n  fi.g;v.re 15 .  I n  t h i s  connec%ion tiis l a r s e  r e l a t i v e  
s c h t t e r  i n  t h e  e a t a  for the  8 l - i n c k  r ib-s>aced  e l e v a t o r s  

2 
as compared t o  t he  da t a  f o r  t he  [;'-inch r ib-spaced  e l e -  

v a t o r s  i s  be l i eved  t o  be explained by t h e  q u a l i t y  of t h e  
photographs obtained i n  t h e  two s e t s  of t e s t s .  The f i r s t  
t e s t s  were made w i t h  t h e  &inch  r ib-spaced  e l e v a t o r s  acd 

considerable  b l u r r i n g  was encountered i n  the  p i c t u r e s  of  
t h e  upper su r face  ( s e e  a l s o  f i g .  8 ) .  For the  second t e s t s  
wi th  the 4 i n c h  r ib-spaced e l e v a t o r s  the  b l u r r i n g  was 

l a r g e l y  e l imina ted  by s t i f f e n i n g  the  upper-surface camera 
mount 

1 
2 

4 

4 

2 

1 
4T- 

Figure 13 r e p r e s e n t s  a s e r i e s  of' e l e v a t o r  s e c t i o n  
shapes measured i n  tu rns  a t  
w i t h  the 8--inch e l e v a t o r  r ib-spaced ,  2.7O up from the  
t h r u s t  a x i s ,  s t a b i l i z e r  inciC.ence conkina t ion .  F i g J r e  14 
i s  a s i m i l a r  p l o t  for t he  bt- inci?  e l e v h t o r  r i b - s m c e d ,  1.1" 

up f rom t h e  t h r u s t  a x i s  s t a b i l i z e r  Inci?ei?ce c o n j i n a t i o n  
a t  

V i s  = 360 miles  per Lwr 
1 
2 

r 

V i s  = 300 miles  p e r  b u r .  Tn b o t h  cases  t h e  c e n t e r  
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of g r a v i t y  was a t  27.5 percent  mean aerodynamic ch.ord. 
These f i g u r e s  i n d i c a t e  the  an,ount o f  f a b r i c  de f l ec -  
t i o n  and warping o f  the e l eva to r  mean camber l i n e  
was indepeneenk of normal a c c e l e r a t i o n  o r  e l e v a t o r  ang le  
a t  cons tan t  i n d i c a t e d  a i r speed ,  f o r  t h e  range of' e l e v a t o r  
ang le s  used i n  these  t u r n s ,  Thei-e was no measurable dii'-- 
f e r e n c e  between the v a r i a t i o n s  o f  s t i c k  f o r c e  with 
a c c e l e r a t i o n  f o r  t he  t w o  s t a b i l i z e r  inc idence ,  el .evator 
r ib - spac ing  coxbinat ions t e s t e d .  F o r  this reason t h e  
d a t a  a r e  not  shown. 9oth  cotr.bfnations t e s t e d  had mmal 
v a r i a t i o n s  of s t i c k  f o r c e  aga ins t  a c c e l e r a t i o n  up t o  5g 
a c c e l e r a t i o n  a t  cons tan t  i nd ica t ed  a i r speeds  below 
360 mi l e s  per  hour. 

On the  b a s i s  of  d a t a  presented and discussed i n  this 
r e p o r t ,  t h e  fo l lowing  conclusions may be drawn: 

1. The s t i c k - f r e e  longitu.dina1 i n s t a b i l i t y  o f  t he  
o r i g i n a l  p r o i h c t i o n  P-63 a i r p l a n e s  i n  high-speed s t r a i g h t  
f l i g h t  was caused by excess ive ly  h igh  s t s b i l i z e r  incidence 
i n  combination with fabric-covered.  e l e v a t o r s  having 
e x c e s s i v e l y  wide r i b  spacing. 

2. S t i c k - f r e e  s t a b i l i t y  was improved t o  a s a t i s f a c t o r y  
degree by lowering the  s t a b i l i z e r  inc idence  from 2.7' 
to 1.1' up from t h e  t h r u s t  axis and b changing t h e  e l e -  
va to r  r i b  spacing f r o 3  81; inches t o  I& 9 i nches .  

2 4 
3. hlaximum d e f l e c t i o n  o f  tlie f a b r i c  e l e v a t o r  covering 

a t  h igh  speed was reduced t o  about one-fourth i t s  previous 
amount by retiucing the r i b  spacing o f  the  o r i g i n a l  e l e -  
v a t o r s  f rom 8- inches  t o  4 inches ,  and by reducing t h e  

s t a b i l i z e r  incidence f r o m  2 . 7 O  up from the  t h r u s t  a x i s  
t o  1.1' up f r o n  the  t h r u s t  axis. 

4. S t i c k  f o r c e s  i n  tu rns  up t o  53 nol-mal a c c e l e r a t i o n  
a t  cons t an t  i n d i c a t e d  a i r speeds  up t q  360 miles j2er hour 
were s u b s t a n t i a l l y  the  same wi th in  t h e  accuracy af t h e  
measurenents w i th  the t w o  hor i zon ta l -  ta i  11 config1.irations 
t e s t e d  which cons i s t ed  of 2 . 7 O  s t a b i l i z e r  incidence w i t h  
a n  e l e v a t o r  having &--inch r i b  spacing 'and 1.1" s t a b i l i z e r  
inc idence  w i t h  qn e l eva to r  having ,!&--inch r i b  spacing.  

1 1 
2 i; 

1 
2 .l 

4 
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5.  D a t a  ob ta ined  by t h e  B e l l  B I r c r a f t  Corporat lon 
i n d i c a t e d  t h a t  t h e  s t i c k - f r e e  i n s t a b i l i t y  a s s o c f a t e d  w i t h  
t h e  s t a b i l i z e r  s e t  2.7” up froin t h e  t h r u s t  axis cauld n o t  
be el iminated by r e s o r t i n g  t o  metal-covered e l e v a t o r s ;  a 
lowering of t h e  s t a S i l i z e r  inc idence  was necessary  t o  
e l imina te  t h e  u n s t a b l e  s t i  ck-force v a r i a t i o n  w i t h  s-7eed 
i n  s t r a i c h t  f l i g h t .  

Langley 11emor i a l  Aeronaut ica l  Laboratory 
National Advisory C o r n i t t e e  f x  Aeronaut ics  

Langley F i e l d ,  Va. 

1, 

2. 
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Figure 1.- Three v iew drawing o f  t h e  P-b3A-l a i rp lme .  
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F i g u r e  7 . -  L o c a t i o n s  o f  gun c a m e r a  p o r t s  r e l a t i v e  t o  r i g h t  
e l e v a t o r ,  P-63A-1 a i r p l a n e .  
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